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(54) HARD CARBON COATING FILM FORMING Thus the hard carbon coating film can be formed while 

DEVICE maintaining the temp, of the substrates 13 at a low level. 



(57) Abstract: COPYRIGHT: (C)1995,JPO 

PURPOSE: To provide a hard carbon coating film forming 
device, with which the number of the substrates which 
can be subjected to film forming treatment by a single 
vacuum evacuation can be increased, by applying a high 
frequency voltage on a substrate holder so that the 
self-bias generated in each of the substrates becomes 
negative. 

CONSTITUTION: The vacuum chamber 8 is provided with 
the plasma generation chamber 4 which is fitted with one 
end of the waveguide 2 and the other end of the 
waveguide 2 is provided with the microwave supply 
means 1. In the vacuum chamber 8, the substrate holder 
12 is provided so that it can rotate freely and the 
shield cover 14 having the opening part 15 is provided 
so as to encircle the circumferential surface of the 
substrate holder 12. In this vacuum chamber 8, a gaseous 
reactant contg. carbon is introduced through the gaseous 
reactant introducing pipe 16 into a plasma from the 
plasma generation chamber 4. Then a high frequency 
voltage from the high frequency power source 10 is 
applied on the substrate holder 12 so that the self-bias 
generated in each of the substrates 13 becomes negative. 
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1 

t. 

ttiey 5 X7A£#at»& © x? x v * i^ai &^trs 
&{ft*&-f£Kj£#xi?ix^ at . 

£B*3ffii^*«BSij&f&gB. 
t. 

^EX7XT^4^a*>e.©X7Xv4'ic^sr-&tjs 

£flX58!ft&s&«RI5j&gB. 
[It** 3 ] WE* POBBiB^Brtf < 

imSC^*, WI2^2i8Pfi5€:^L,TWI3S«tC^^T 

xAy*T£fc«&©iSWttM^£fc£*-Xs' Ft. 
*frE^-y-y h&xAy^-rsfctoi-wge^-y-y hiz 
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2 

h n >#BX9XVC VD««T»*»*B 1 ~ 4 ©V> 

[W*B6] tai3->-^h**A--*t, MeaiiK^^ 

tt6ftTV>*HW»H 1 ~ 5 ©lf»m*>fcflB«0*RjR» 

bmbj&sb* 

[»#87] IMBi'-A'KftSt— ftt. lffig3S1fi*;i'X 

BIHTT&W-i&nT^fcBWtB 1 ~ 5 ©^rn*McBB« 
©«H&B«B?BJ£8B. 

anTv>*B«3B i ~ 7 ov»rn^ce«©«nBB« 

KBJ&BB. 

[B5fcJS9] MIH->-JUH*A*-*^Jfi$nT^SW 
jftSi 1 ~7 ©^1*n^^E«c©®S^«K^ft!cgB. 

[W#3U0] BBWWBSBtfTiOTWBW. S 
i, Ru, 0*5JS, Ge, £;fc«;inS>©7C5Sli£i3iS. £ 

mm, 

[jff&B 1 1 ] mflBS««tN i * fctSA 1 ££&#<h 

«T»*IMW! l ~ l 0 ©wl*n#fcB*©*B«B* 
KB&BB. 

[5gnJi©»S8&iftfl] 

[0 0 0 1] 

[i£g±©fiJffl#IF] «ft«»*-€-D*©JI 

^-rsfc*©SBtrg3'r^) , b©T*o, mz/u77> 

X?Xv C V DStci DRKRRttR«£j£? £fc*© 
&Bf;:M-f5fc©-C$>5. 
[0 0 0 2] 

[fi:3fe©&fl5] AW7XX7XTCVD!*ICil9 

- l 7 5 6 2 0#&«l;:^snfcgB#»€>nTV>£. 
£©8Btt. ECR («-7-lMi7DM3>#<!l) X5X 
V C V D£B£ffl HfcAW 7X^7X7 C V DffilCi 0 
*«±fc«K«»»RT!»*3' , -f Ftt*R*»J* 
-TSSSBT**. 
[0 0 0 3] Bll2tt, ^©<tp^*©^'f-\' ; e>H 

tt. BB<ff2, V-f£nBBAB3«aoT. X^Xv 

«t«4t**n*. X7Xv%±^4icii, 7;ux> 

(At) #Xfc£©&B#X£«X£i*£fc«>©iS:®;tf 
X»AB6*««WSnTlr»*. £fcX7Xv&*.g4© 
MHKB. 79XT«#»£8B6fl»R»*&nTV»*. 
v-f ? D*fcJ:*K«Sn»WtX?XT*jMflE±ttB 6 
a»SeD«J*©fM!CJ:?>. X5XT5S^4(t!e5«af© 

X5Xva»»i«sna. c©X5Xvtt» x?xva# 
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[0 0 0 4] M^^>^8mz\t, ©HSf^XtbT© 
(CH4 ) #X£8*A3it--5;fc©©£/£#X$A 

£^>A'8ftlC#A3nfc**>#X«, 

8co^gs{c«. mx.ti 1 3. 5 6 mh z ©ies^iseas i 

0*t|9;lte,nTfe0. COKMSASl Ofci-D, 8f« 

©its^i&Sffi (RFtff) ibqhr4«^i lfcfliJnan 10 

S*TV»*. X9Xv«W::*tt*<*>©*MM8*fiMI 

it, -f*>Bjwp*ftw.'tt9 

T. RF«£E***7KBIl0"r*C-ilCJ:O. »«7tC 
[0 0 0 5] 

[«H*«»fcLJ:3fc-r*Mn Z:©«fc3ftft#©g11 2> 
[0 0 0 6] *&, «*©B«T?tt. 

n ©»« k <fc -a T£«©i&«*<±#-r * t n-s nn$*fc 

[0 0 0 7] #§89i©BW«, «&©»«£ 1 @©Xn 
[0 0 0 8] 

[SS®S»ft-rsfc«)©^S3 *gH©aftft*ttM* 

«W6n**«*^i. *K*;i^©HBiSHtM:3 
fc«W&n*©-fflHcHQ«ft#T*^-Jl'F*At- 
t, *£3 c r:wtl*3l;:X7Xv*58£3'&KX5Xv£ 40 

i, X9Xv»**Sfce»6©^9Xv>pfc**S*trE 

&#x£#i£T££f£;#x#A^».i:. as*fc»*r* 

[0 0 0 9] *»W©*1©»HIC«5*K1MMMI» 
«»**K*»J«-r*fc*©»«"C*D, Kffi^irWt 



«fB8¥7-7 0 7 5 6 
V >/trtfcX?XT*$B£ai*R:/?X"T*» 1 UBPfiB 

ft^uT»«ti«wxtt«-r«^9XT5Bt¥at. x 

5Xv»t^ftj&»6©X9Xv«fK«***t»S*»X 
-f 7X tfft £ ft ■& «t 5 lCiSi^ffl[«flES:S«*:;Vy [CEWJQ 

[0 0 10] *ft«©ft2©JQlBlCfE3&«H:. ±1235 
1©J8HIC«58BT»D, *IBIJB»J**lb9*, Sffl^ 

€. ©whbpf©**!' t mmzn 2 m pg&sfl- uratgir 

[0 0 1 1] #38W©S8 3 ©Afflict* 3 SfStt. ±I2» 

c^-y^ hfcfl»*T*wtt#*©'f*>&tttti"*-f 

[0 0 12] #S&g)jfc:feV>T. y5X^t?StL 
T, »*[><«, iW?Phn>«y7Xvcv 
#S&?Ul;:isv>T, ->-;uF#A- 
«, #£L<tt, S«*;py©»lB^6ft#»T©¥^ 
a'afr&KT©£WRITTRf?&tl«. SSfcff 
3;L<tt. v—-J>F#A'-«> SS*;Ui^©HH«>6« 
fr^-T ©¥S i *tf S© 1/10 KT©8g«(iTTKW 

[00 1 33 st, #52Wfc*Jv>T, ->-;uh*a*- 
tt»«anxv»*. **jhk:*3v>t,. +wiBft»*aff * 

«8SfB, Si, Ru, Ge, Sfctt 

cn6©7c*ttt*. ^Rt^3g©5^© / >ft< tfc 

l«©75^t©^-&%T3&0, N i SfcttA 1 

*i*»it*4tllfeKtt^, SfcttX^W-Xfl? 
j8»&ft«S«©±fc, i©«t5ft4»W^Sr^bT«gK^ 

[0 0 14] *95«tC*Sl-f%®H^?R«tK©«3fe«. M 

■&tJfc©T*^. 
[0 0 1 5] 

«W-6n*»«*JP^ft«ATV»*. lot, C©Sffi 
«C J:-3T»»T**»IR©«**itl*a-S* - t**T? 
[0 0 16] *«9ik:*t»TB, *«*^^©«Bf*H 
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#A-©MPft£;frLTX7Xv3g£^a^ | S©X7X 
[0017] #?89]©m i cojsBTtt. ->-;n s *n- 

[0 0 18] Sfc. 4"fflJiJ&$©IB, ^HBPfiR&^b 
T©X7XTCVDffil;:.fc£^feBI©#»£:. 3S2M 

□ & b r©*wjg *mm- ztsnm^omm t 
a o Kjewr* *>» &ot, *!««©#*«& 
mmommziz-3<mmmmiz-?z>z.t&-?zz. -© 

[0019] 

$^6fc©fcto©g®£^TIP&SrS)B3"'C&3. m 1 £ 
#BBLT, I$ft>n'8Ctt, X7Xvf££g4 tfiWt 
tt<=>nT^£. X^Xv38£g4t;:kl. 3*i£1?2©-S« 

&&*&^i§* i a««tt&nTir>*. v>r *n*«»#R i 
X7Xv^S4ic*^ns. x^xv 

ft£.&4\Z\t, -?7X-?%£M4te\Z7)V3> (Ar) 

«, X9Xv«|^»*KB6*t»!ltenT^*. Vrf* 
05ffill!iSr^ffl^-a:-5ili:t<tO. X7XT&££4 flic 
[0 0 2 0] K£^v>A8rtfct41B#©£tR*.>l'* r l 

7^>rt%<»mm\znh&mzwLWt>nim 
i2<o^Bic«. &»©sisi 3tf®v\,mm-em%a 

ftTH*. fr*S> **lM«mi. S«l 3tLT, ^5/ 
■ir;V (Ni) 3«&ffl^T*5D, 1 2©J3ffi 

fc2 4«»*l/Tt»*. S«^yi2fC«, MM 

[0021] s«^;i-^i 2<Dmm\z\z. <&mm<onw. so 
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6 

© F * A- 1 4 atB?£<Z>re«RBTTt8:tt 6 tlX t> 
J£j£fSffiJ£W-©8«tfUl':J' r 1 2 tlt^V >A8 t©|IJ 

Sfi*;pyi 2 t->-^F*A-i 4 toW©Mf®«, 
fifrfi«T©S§l8l 5 ICEBS 

nri>*. HU*#^©¥J9gJ&fT@te. WSfcORHT 

ftoT. Sfi^yi 2 tv-;PF*A'-l 4 
[0 0 2 2] W&fc)Wl 2t->-;i/F»A-l 4 i© 

nicta. #tc^^©¥^e*ffeoi/i o^t© 

1 2 i->-;UF*A- 1 4 t©MBiS^^©¥^i 
Sffe© 1/10 £4T-C?a&-5» 5 mm t LTV^. 
[0 0 2 3] *s-)V F* A- 1 4 Cte, 1 5 ^JB 

EXSnT^*. ^©PBPffil 5£ffioT, X5XV56^ 
S4^e>5l€rm^nfcX5Xv*5S«^;i/^l 2lx»« 

^nfestsi 3\zftt.%t2nz>£5izi3.'3r^2>. %^ 
^>A8rtic«, s^^*a§i 6^19: it e.nxv^ 

^©R^X*A«l 6©jfe««, WPg6l5©± 
^(C©mt"^>. S2 1J, JiroS^XSIA'gl 6W5fe^ 

XfAei6ll ^^?.*^r>A , F*ilCCH < 
^SA-fS^XSIASBl 6 at. C©^X«A8B16a 

tm\M.^m\zmm^n^xmaimi q btfrzm&z 
-jj$}A\zttLTmmj]mzmmt<ft. AoiSDiii5© 

Z>. JJXftmmi 6 blC«, T^tCI^]WT*?)4 
ffi](CffifC»dFL2 1*^^^nT^-5. *^IS««ITtt. 8 
<H©?L2 l*«»)8SnT^*. ?L2 lOMPHB, t 1 *^ 

zmmizfaft ^ izm>&* \zm< !S%«k ^ c»*shT 
©a 2 i^e»t«^(ci!cta$n*. 

[0 0 2 4] £TF> Ell ^-T^itSrfflV^T, riy^ 
T-SSISEWfC^V^TDiWr^. Si". S«*Jl'^12© 

«bic2 4H©n i*fii 3£^t^iwi¥re3&rfs. 

^IC:. S^^i'^ASrt* 1 0" s ~l 0-'Tor rizm 
ftb. S«*;V^1 2S:ij«51 0 r pm©3£gn?[aHES* 
^>„ &\Z. ECRX9X^*Sfl©«t«^7*A'S5 
*^Ar*XS5. TxlO-'TorrtMt^tt 
fclC. T-f ^DjS«J&^S:l*'>5 2. 4 5GHz, 10 
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jssntAr^x^sssi 3 <Dwm\zwi.m: v 
ntra^c, s«i 3tr58^-r-5@aA*-i'rx*t-2 o 

Vt&5±^l:, Ji5^&«aSl 0*^ 1 3. 56MHz 
©RF«E£*«*A<y 1 2 fcWftrt - *. &£#XiJJA 
H?16#>£li, CH< 3xl0-'TorrT 

ttft-r-s. Ri&tfx^Aei 6 a> n&cH< # 

[0 0 2 5] &>±.<DXn*&£* 1 5#fflfT^, S#U 
3©*M»CSg»l 2 0 0 A©^-f ■* ,J E>Ktt*Blft#J« 

[0 0 2 6] H 3 ft, ±E©SIJgCT (»T rgJtM 1 J 

ISWnrttas«tlflE* t l94 5t;i&^T^4oi:^l/. 
jtitw i T?a« 6 o *ct?* o v tttm 2 -z\m i 5 or 

£?ioTV>S. Jt*5EfflI2fC*3ViTtt«fiS^#«tCiS5< 

a^twsfflii i«»*»w«*©as«*;w' 1 2 1 
*£xr >A8m"ctt«jj<5s±i/it)t»tJ5t)n«». it 

m 1 ©#**««****«< a^ws. ssffiiw.i ti4» 
AdRsn«fi»«WMmL. **fii*©±#w*»A6 
i^sttifw-r* ££*<•?£*©•?> s«©i»ijfttt&#it"r 

[0 0 2 7] WT. 8«±Kt"IWJi**J«l/. COl" IB 

±fc», *mm2 2*TOsnr^o. ::©*MJi2 2 

[0 0 2 8] 04tt. #369f©3§l©JiHRtf&2©M 
ffl left 5 *SS^J<o®K^^SiR^fieSH &7jVt4HB&®rffi 

ti^ss*^ 1 2o^hic«, •>-;i'H*;t-4 4«« 



#BH¥7 -7 0 7 5 6 



□ «4 5tlB2BlP*4 3j8«»*SnTV»*. 44dM 

ftticMsnTu*. •>-;wH*^?-4 4tt8s«sma 

lC»«*tlTV>*. JBl8HCI*4 6tt. HlKwrMP 
mWZ. HUMP8R4 5<D±j3\ZB.&J}Xm\'gl 6 » 

[0 0 2 93 S&2BBP8B4 3©T#fcl*. +WJB€:fl§JS 
T*tWR^ft*^k^-2»KJ:D*38S"ttTS1Rl 31- 

fc3R5eas4 lofifiica, »«*4 i*»&*»u&*m 

>^J>4 2l:J;0»2ISPa4 3^l/T. M13± 

[oo3o] ^co^co«i^«> 0 1 Kwi-sMMjtra* 

[0 0 3 1] «T, «pmiBtUT*— 095c*38>6 , PiaiJB 
ttMKU 4^*WB©±fc^**>Ptt«R*#rii 

bt. S«*^y 1 2 CO^ffilC 2 4 (@©N ilS13£ 

^(WRa-c&»-r*. xffi^<r>/t8i«ifti o- 5 ~i o-' 

To r rC»«l/T. SS*^ 1 2 1 0 r pm© 
*flrCEMEStt<S. tfCK. -i*>iJ>4 21ZA r #X£ 
WfttT. Ar-f*>ft*D(UU :in£S«13©^ 
SICttSfT*. CCOt^TCOA r^*>OiPji«)E«4 0 
OeV. <i *>mffi&ffit0. 3 mA/ cm 2 ICIS^U 
fc. C©Ar'f*>0*»tW«ffc. 50156^4 l&fBS* 
U RuITSil53tTS«l 2 ©aBfKttWT*. 
£©i&©Ru©£388«tt. S«13±T©fiKR3iS 
iC^©UT4 2 0 k/ft\Zt3.%£.5m%.lsrc. W±©X 
e<&#<j5»mfTVi. S«l 3©*ffl(cR)P2 0 0A©R 
u d> 6 ts.Z> * WS *»J* Ufc. 

[0 0 3 2] mz, MRU* 1*XM*>1}>4 2*^5 
©RuK : 3 l ROfAr-1'*>©*»&±*fcll, ECR^ 
7Xv^^B©4St«^X^A'g 5 A r 117, * 5 . 
7 X 1 0"To r r-emi?Z>tth\Z, V-f^Digft 
*&^S1^62. 4 5GHz, 1 0 0 WWT-I' ^ ai&S 

■7*s«i 3 ©smic^-r-s. cntH^t. s«i 

3JCfg4T'5aEA'f7X^-2 0Vtfe*«t5»r, ft 
JSftSEl 0#»& 1 3. 5 6MHz©RFSJE^StR*: 
^12feB*U K*ifXWA«16*»6CH< *X 
ftl. 3xlO- J TorrT«n. «±©lS&*t) 
1 5»IHffV>. SSI 3±tC^bfc« : f'fB^©±lcR» 
1 2 0 0 Awy-^-rt^HtSStSSS^bfc. 
[0 0 3 3] «±© 2 ^©XS©«g*, 0 1 i icsvr <fc 
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Sfitl 3<7>«ffitCRu#"E>fcS4'fflJ12 * [0 0 3 8] £*±»«fc?fc, JR1HR84 5lC*5^5^ 

U ^©^W® 2 2±cy-f tt>H««[I2 1 7XVCVD^I:,t5^tIMt. $g2MP$4 3 

:t*t-p§, gffii 3ty-i'-\' ; e>H*E^2 iroffi*ftt th:, «±cox|i&Si«j5»iWfT'5rtir±o, S«i 3 

fK/12 2©?¥ffiK:,fc9> »1K co«HfC-&WMJ¥2 0 0AcoRu£:Craig£rJ§£Ji*J5£L 

1 3 ty^t ; t>h , «W2 i t<Dm&&%8.<»mz£. fc. H5Rc;ia6{c^-ri^ic, nwniSiEttfct;:, r 

[0034] ar. fmmtvx. tmrn^tBimom mm-r^m^mT&tu-ox^^. 

&m&&0zis> do4>ws±icy-i'-v ; e>h*««iKs^ [0039] *c zo&sizmi&i'it'pmmvMz* 

(Z*-rg@tN«»gB*fflV^„ *>mi6-?Z>CHA #X»{fc*a#fiE£l. 3X10- } TO 

[0 0 3 5) £-f» ±K3IWJ1 t|SI«irbT. r r t-JgKU ±IEXetw*Slt^ECR^7Xv5S± 

XS^^A'Srt&lO-'-lO-'To rr 1 5#MfTV>, gfit 1 3 (D$>WIM<D±\ZV£& 1 2 0 0 A 

\zm%.VT> SS*^ 1 2 «& 1 0 r vmtDmm-V® 0^t*> Ftt«K*»/SLfc. 

<ES1t*. [0 0 4 0] K±OiB*. S«±C. «gM8jg£#f-£ 

[0 0 3 6] ECRy^XT^ggfflKi^fX a) RutC*^a^Wllt^t ; E>H«W«I3 

iAf5*6Ar^XS5. 7X1 O'Tor rt«»S nfc«SSK^^$tifc. £©J;3fc«*M&it£*rfr 

tZttbiz, T-r*a««|&3Mai*>S2. 45GH * + WJBfr*CtfcJ;D, ±l2#-©7C^wf Wl«fc 

z, 1 0 0WC5V-r?Ofc£«$aLT. 0 fe. iefc^ir*^ Ftt*M©**tt*R**£fc 

T-5. ^ntRBfK. g«l 3{c55*-r^SHAM77. [0 0 4 1] STF, ±iE^JS^©«KSfflV^T^bfc 

«t-2 0V4»SJ:5l:. M»MI10*613. 5 y*f**>F«iW©«*tt©IHrai**fT^fc. 

6MHz0RFiSSlS*Ml 2lCfnSPL> ?>fc LT«N i Sfi±IC»S^-1'-V ; e> Ftt«*ft» 

XSJAUrl 6*>&CH< ^X*«»&-r?>. Z.<Dt&<DC J&.L1ZV>7)V (MMm 1 ) , N i gffi±H:R u 

fefc*****-*. 5^8H9l:l00sccm, Tfc .30 ^S^fiScLfct}->^;i/ imm\2) . Nl*«±KRu 

fr^l. 3xl0-'Torrta5<j:5l:Stt5. £C©g^ia^&£*IWS£Jg$U ^OfWJS-ti:: 

[0 0 3 7] ±8BECR^7XVJ6*gBJ:-5l«BS^ ^-f +*>H*««*»*bfc*>^>l' (SISB0I3) , 

JKJItffllJiSK:. SfiU 3CDiIC'ft^>'4 2*&A s£55iIiLTS i CD^$S2ii£ffl<^ NlS«±lCS 1 *» 

r-ft>S*«t«tit>l:. I«i4 1*>6RuIf 6&*«f>IB]IB*WJ*U COtmJBiK^ir*^ Ptt 

ftttWr*. iOt^TCDA r-f^->K>iBji«E^4 0 0 Ml*»J«U&*>'^I' (%)feffl4) Sffl^fc. 

ev, -i*>mm®mzo. 3mA/cmvi:K«t ty*-^BE7-sffl^fc-ewa <»a=i 

3±Tr©i«Ra*c*iJH/T4 2oA/^6ttmfta «tu n ia«±©^^>F#««i-*itta*58£ 

5C«ST*. Ru«)iaiaE««0A/»l:ftofcB 40 [0 0 4 2] 

jA. Tfcfc'&5#«ii«fc, -Y*>#>4 2*»SOAr [*U 









**W8 


*tt^l4 


SflASf&tfflSt (19) 


4 3 


7 


0 


1 6 
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(7) 



*3fBB¥7-7 0 7 5 6 



11 



12 



[0 0 4 4] Sfc*lf5CT2<!:IIJfiW4©lt^e.H^^^ 
fc<fc5K:. N i SIStdttbTte, SIJ;Ot)Ru©**» 

*>mm s«j«-r**wjRT t bran-cn* c 

[0 0 4 5] p^7«, #3g$CDm©^ffiRtf3&3©^ 

□854 5 i:S&2PPSB4 3 7W§^2nTV>£. #*J60!1 10 
TMi, »lWPfB4 5t»2BIP«4 3r4S«S»«0 
fifllC»l«a*lTV>6. ->-^H*A-4 4«»»«ffi 
K»«anTV»*. SSI MPi$4 5te. HlC*t«P 

ati 5 tw*fcUT»*anT*D, 01 tc^-rggt 

HttC. ftlHn84 5 <D±^{CRJi&^X»A« 1 60 
jfc*BjWB»bTlr>*. 
[0 0 4 6] tff2|P!P«54 30T^fc«. *IWJ1*#!J* 

•So h4 6Wjfi«tC«, *-y-yh4 6£ 

6»Ctt»f*-f *>ti>4 7rt*8tt5nT^5. #fKJ6 

anti>*. ^-yyh4 6*i^f*>*^4 7.icj:D 

»2HP«4 3*fl«bT, JW\y H4 8±.C*WSS: 
[0 0 4 7] £&. -f:t>#>4 7 $ <D4 

f v h 4 6 oh-tz^-f wm^y H 4 8 ct>Ra»sns. 50 

[0 0 4 8] ■eoAfiOfliJ&te. 01 fcaVrSSJSWtRK 

ISl-0?#fiB#^*ftbTi!i9J&*l»St"5<, 
[0 0 4 9] *MStbT*-©7n^e.f ME 

bT. gffitfJkSM 2W^®IC2 4jB©S*BS^>y H4 8 

s^m^-cg^-r*. *^-\->A8i*ii&i o- 6 ~i o 

■'Tor r KDMlbT, S^^;!'^ 12^J10 r pm 
tf>«ffi-e®fc£-8:-5. •f*^>47CAr^ 

M 6©*ffi(C»it-r5. £©£#©Ar-f 
*>CDHaa«JEEB9 0 OeV. -f*>««.«*ri0'. 3 

mA/cm 2 fcBttbfc. «±©lSfttt2#HWTlrV 
WK'Sy H4 8©«ffilCl8WP6 0A<DS i#>6fc5fffl 
®ZteJ$.l>tc. 

[0 0 5 0] -f :*>#>4 73^e>OAr : f^->0 

ftfcf£lk»fc&, ECRX7XV&£gB©fti|;tfXi* 
Xff5*6A r:*JX£5. 7X1 0" 4 To r rtfttet 
v-f* Difcftifr9.9:l;A>&2. 4 5GH 
z, 1 0 0WfflV-< £mS«tt»bT. X5-XvfS3=£ 50 



4 rtfcJBjftSnfcA r y7Xv$»lAy H 4 8 ©^ffl 
fcJMtT*. Ctli W»C. WR'Sy F4 8fcBifeT* 
SB/t'f7X*i-2 0Vt»5J:5t:, S5^K«SIS10 
*U3. 5 6MHzORFtES*fi*Jpyi 2 ItBJ 
HDb. Efc#X9JA®l 6*>6CH, tfXfcl. 3X1 
0 s To r rT«i|i&TS. JK±roiSS»2. 5»IBff 
\,\ mm^v H4 8±KJI*j£bfc*IWJS©±K:KJP2 0 
0 AO^-f FtttMB*»«b&. 
[0 0 5 1] £t±© 2 0©Ig©*3*. »RAs/ H 4 8 
CDgfflKS i *»6ft*«t>HJ)i*}8*b. £©*WH±t;: 

^-f^*^H«««ft»riibfcauH»R««»6nfc. - 

3M.&n*. *&. ipmilJMt©IB. A r-f 

[0 0 5 2] flBJBtbT. »»BTt«*©» 
£M€»J&b. ;r©+IWa±IC^^*>F«1iSSi£fl2 
»«"r**««IK^V»TBlWr*. C©5SlMnrt>. 13 7 

[0 0 5 3] ISW^l 2©^®IC2 4JH©?$ 

K'Si; H4 8S^bV^IBTS^frS. Jl£?r>/\*8 
|*3S10- 6 ~10- 7 Tor rlcSPflbT. &W.tiVl? 1 
2£**Jl 0 r pm©i£a-ClHp|g£-trS<, 

[0 0 5 4] ECRX7Xv$g£gB©&m#X 
»A*5*>&Ar#Xft5. 7X 1 0-"To r rTftlfe 
-rsttfet, V-r*n««l&^Rl*S2. 4 5GH 
z, 1 0 0W©Y-f ^DScS«J&bT. X7Xt55££ 
4WIC^anfcAr X^XT**®^^ h'4 8CO^Bfi 

ic&wr-s. cnt^ic, sem'sy H4 8ir^-rs 

SEA'-f7X^-2 0 Vt^c-S.fc^lc:. 0 
3. 5 6MHzWRFSE£M*M 1 2 tC^J 

inb, siS^xsiAWi 6*^CH4 ^fx*«»&-rs. 

^KiSiittfefCjSi^iejJDati-, 3»iS3i^lC 10 0s 
ccm, tftfe^l. 3X10 s Torrt^<k5i: 

.[0 0 5 5] ±fBECRX7Xv^^fiiaJ;SSE)S»fiE 
ffiatfSl^ftC, ^— ^5/ h4 6W^ffitCf *>-^f>4 7 
«»6A r-f*>ft*Mfr*. ^Ot^OAr-l-^-XOjjn 
^@BE*9 0 0 e V, ^^->@«J«a^0. 3mA/c 

mA/cm ! JC^Si^^K^-TS. 
[0 0 5 6] eiJ:OJ;5lz. SB 1 5 (cfe^SX 

^XTCVDftlCcfcS&ig&BS^i. ^2MP»4 3 



— — 



D. 1 tCAm-BeVfcPm^BfU^tx 

0 . v H 4 8 cD^iSlC^ti-Ki» 60AOS liC 

£<UT^£. S£oT> H©*HflJiT«, |M*'VyF4 
8©*B*^Bin*[C«£ViS 1 ©^W§*<St&i£4>U 
C<0^^«»«Birr*«WM»«ta:o'tt»*. 
[0 0 5 7] Jfcfc, C©±5C*«Ufcif»|BIJi©±C. 
^**>F*MMl«:#«l/fc. S^X»Af 16^ 
5«t5CH< #*©{JU&#flEfcl. 3X10" s To 
r r t-JgfCb, ±exeC*W*ECR^9Xv38* 
8«CJ:**BI»)«»31*9l***tf5. -©XgSrW 
2. 5#fflffV>. K4 8© t f»raS©±CISJ*2 

0 0 kVif-l^y HWftEBiSrmbfc. 

[0058] £iu©*s*. s«±tr. fg&sijgfcw-f s 

Z>q>ffimfrz>Z\t\z&K>, ±ffi#-©7C*©4'W)@.J: 

0 *>. a«ty-f •^ ; &>K«igii©«»esii5*^^i: 
[0059] ±mmmm^\t, zr^x^^wtthx 

te;itttcK5fc3n-2>*>©T?tt&<, {aj^iSS^iST^X 
ycvdSB. DCX5XvcVD8Hfc£-e©A&©:/ 

[0 0 6 0] 

tt©*«*^y#RW-snT*s'9> c©s«*j>yic* 

Sc©S«*K»T-5C:i:^T#S. t¥oT. 1HI©R?S 
#§lT&JIT£-5»8i©^&£i£*3ii-* Z. ttfaim t 

[0061] *fca«*;^©«otctt>'-;i'HAA-- 

7)^lt6nTV^©T. ^MJefie®3f£A^©*«iifi^r 

[0 0 6 2] #5Mifc«3*l©flffl©l6ire 

©. 1 E©*ffl*«©:CS , r, S«±tcfW»Sr^S 
1+3 

[0 0 6 3] *&. X5Xvfg£¥&l-<k£i$K^fi£n: 

*n^n©»isim&fl=£&ttstt£-£fc±9> *rb 
mui t bTtt^fltii^bfc^we&^-r* z. t&-c 

S«t«H^l!l«Ki:©m©«B»it*«fcO-JatftI± 



(8) #B8¥7 -7 0 7 5 6 

cei 1 ] *&mzft5-&tem<Dm&timwm$m®. 

[0 2] 0 1 ir*mJffi^J«c*5^ss^7 > *A'g : ©$fe 
SS8&#ifi#«r7K-r¥B0. 

[gj3] *^['«eo*iSiftj^*ij-2>»S)S^wts«© 

St ©MAS £^-0. 
[04] *^©m2©^®[C^ei*Jifi«SJ©S!S^«E 

[0 5] *»W©»2©»Bfc«3^W©«BSJBV> 
10 T*JMia*^«*PW*»*t*»®*W*llltC 

[0 6] *§SW©SB2©^ffi(w^5*IS«i>J©SSS;ffl^ 

[07] *5s?g©m3©^M;c8e^^iS0ij©®^«a 

[0 8] #fgifl©$B3©^ffllc&55g;!®«©g»£fflv> 

H< iJiJfit©HI^S:^-r0. 
20 [0 9] :fc?SiB©®3©^®l;:t£55l;ifcM©S®£^ 

-r :* t ©m« &*-r 0. 
[010] s«±iritfc^^>Ftt«iia*jgj£-f£ 

5llSW©$rffi0. 

[011] S«±tc*M)S*^JEfeL,. *©±lC^-f"\' j e 
[012] fE*©«R&$«Bl^ft8B£*-r«l»&0rffi 

0. 

2 

3- V-Y^D&3IAS! 

4- X7XV§S±g 

5- i&«#X«A« 

6- w«*^a 



1 0- 




1 2 • 
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1 6- 
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•SS2BBPW 
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•SB1RIP8R 


4 6- 




4 7- 
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(10) 



7-70756 



[07] 
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£ R S ffl 



[1 2] 



3^ 
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